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Outline

» Overview of Neutrino DIS

» Recent Results

* NuTeV High energy range
e Chorus 10-300 GeV
e Nomad
» Future
e Minos Low energy range
: } 5-50 GeV
e Minerva
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CC Neutrino Deep I nelastic Scattering

Lorentz-invariant quantities in terms of measured £,,, 0,,, Epqq:

( Y

Q2 — 4<E'u -+ Ehad)E,LLSZn T’M — Squared 4-momentum transfer

Q2
= — — '

T SME} .4 Fractional struck quark momentum

E
{ = ——hud — Inelasticity
Y= BEutEnad
C\ W2 = M2 + QMEHAD — Q2 — Squared invariant final state mass
|
E, k L Vv = Ehad — Energy transfered to hadronic system
al

Neutrino Scattering Cross-Section:

d2ov (@) G2 ME, M v (T V(T e
@e9 - _ F . |:<1_y_ﬂ) ()+ 2F():|: y(1 — ) ()
dxdy (1 + ]\?2 )2 2F, 2

W

Structure functions in the parton model:

p 2257 (2,Q?) = % [a:q”(v) +fq”(”>] 22 F (z, Q%) = 1;%1\(“22%) Fa(x, Q%)

> FYP(2,Q%) =% [xquw) +2g"® + va)}

> xF;(U)(x, Q*) =X [:Bq”(v) — xﬁy(g)]
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Neutrinos as Probes

Challenges

» Statistical precision
e Require highly intense v beams.
e Massive Detectors = Nuclear Effects

» v Flux spectrum is difficult to predict/measure.

> — measured precisely by charged-lepton DIS.

xF5 — uniquely determined by neutrino DIS

» Sensitive to valence quark distributions.

» Non-singlet QCD evolution, theoretically more robust.

» AxF3 = sensitive to strange and charm pdfs.
z(FY — FY) = 4z(s — ¢
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High Energy Range:
NuTeV, Chorus, Nomad



NuTeV

» Data taking: 1996-97 FNAL fixed target.

LAB-E Detector - Fermilab E815 (NuTeV) » Many physics topics = Main motivation:

precise meas. of sin?fy;, . [PRL 88, 091802 (2002)]

.l
x
m; ,

I f” 690 tons: Fe-Seint-DC
J

fidueal Volume: M0tens -, 1ron Calorimeter + Muon Spectrometer

im

» SF events: 8.6 x 10° v and 2.3 x 10° 7
< E, >~ 120 GeV, < Q? >~ 25 GeV?

Steel/scint 10cm sampling

el PSRN ||| B
Tracking 20cm sampling | AP _ 1104 |
P 2 Sl/::‘J S Sinun

SSQT sion selected Quadrupole Train » Sign-selected: Separate high-purity v or v
I - e ymode3 x 10747
I Wrong-Sign m.K e vmode4 x 10™° v
—» Protons » Tags leading muon in CC interactions
DUMPED
= Right-Sign =n,K e Toroid polarity always focusing ‘right’ sign .
ACCEPTED

e Lead u — Dimuon event sample
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Continuous Calibration

Vv

TEST BEAM
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Beam cycle

IV

test beam neutrinos

Precise in-situ calibration of NuTeV Detector:
» Alternate every cycle with Neutrino beam.

» Hadrons, muons, electrons (4.5-190GeV)

» Ability to map response.

» IMPROVED: Calibration of Energy Scale. 0.98
e Hadrons: 27HAD — ().43%
HAD

e Muons:

AE,
By,

= 0.7%

Energy/momentum

- Hadron Energy Calibration

green:Normalization (0.43%)
blue:Non—linearity

Il ‘ 11
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W)

Differential Cross Section in terms of flux and number of events: “dzdy X B(EY) Da; Ay

» Data:

e CC Event Sample: toroid analyzed muon

* Containment and good muon track

~ E, >15GeV, E, € (30, 350) GeV,
e Flux Sample:

* Low v CC events (Fpq,q < 20 GeV)

e Cross Section Sample:
* Enaa > 10 GeV,Q* > 1 GeV?

» Monte Carlo:
e Used for acceptance and smearing corrections

e Cross-Section Model
* LO QCD inspired parametrization: fit to data :
[A.Buras, K.Gaemers; Nucl.Phys.B132,249(1978)
x Data with lower Q? at high-z (z > 0.4) included
in fit to constrain higher-twist. (SLAC,NMC,BCDMS)
x for Q% < 1.35 GeV? use GRV Q? evolution

e Detector model:
* B, and E},q resolution functions parametrized
using test beam
= 0,, parametrized using GEANT hit level MC

. Cross Section Extraction

250 ) . AN

ijk ijk

» [Phys. Rev. D 74, 012008 (2006)]

Data
f----‘ f'-----.-'\
1 Flux 1 Cross Sectiont
I sample I sample I
\-Il \.|-1

Monte Carlo

Cross Section Model +Detector Simulation
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“Low v method”: Integrate data at low v (<20 GeV)

» Integrate diff. cross section over x at fixed v:

dO‘ B C V2 v—0

0 _aa+2 L _Z =0 A

dv (+A E, A QEB)
N~

B=— G%M/[FQ (x, Q%) F xF3(x, QQ)] dx

2 M 1+ 2 Mx
B &F x, Q2 — — X
L /Fz( Q )<1 Rix 7Q2) » 1>d

» = and (%) terms small at low » and high E.
» Cross section constant, indep. of E,
» P(E) x N(E,v < vp)

N\
3

(D(EV):/VO dv 5 dV
0 1+B v C v

» Fit to data determines &

Relative Flux Extraction

» Flux normalized using total neutrino cross
section world average (30-200 GeV):

o¥ —38 cm?
& = 0.6771+0.014 x 10 o
» Test of Flux extraction:

0.8 :
Neutrino

% 07 Puuyuny, . . — |
Q . |
~C 06 1
e
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g 05

o
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x 04+ Antineutrino

L ® e eaa - - @ -

~~ = =t o . ot Y P I <

b 03} ot T

0.2
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» 27 is flat as function of E,

» Z. agrees with world average
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» Monte Carlo Describes the data well over entire kinematic range. (x2/dof=2225/2599)

e Iy, and Egap Smearing parameterized from Test beam measurements.

e 0, from Geant Detector simulation.
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7 systematic uncertainty sources considered:

E,, and Exap scales (affect both cross
section and flux extraction)

m. and % (are important for the flux
extraction. m.=1.4+0.18.

E,, and Egap smearing models.
(important at high energy).

Cross section model uncertainty (small).

overall normalization uncertainty 2.1%
(from uncertainty in world average
absolute cross section at high energy.)

- Cross Section Systematic Uncertainties

Provide a point-to-point covariance matrix:
7

® J;| Isthe 1o shiftin data point o due to systematic
uncertainty ¢ of size ;.

2 2

d d
5. el e~ g (e
il — 2

» ? including all systematic uncertainties:

2 theor —1 theor
X = Z(Da — fa y)Maﬁ (Dg — f@ )
af

e M, 3 is point to point covariance matrix:
e D, - measured differential cross section
o fLMeo™¥ _the model prediction
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UE doldxdy (x 10 % cm?/GeV)

L NuTeV Differential Cross Section

_Neutrino __ Anti-Neutrino
5F IT g T T x=0.0157
B L e s JP E

3 f 3 - RN » Extracted v(v) — Fe Cross-Sections in x bins
] . i3 E, =65 GeV

SAT A asepsaananEBa. NuTev e

maieis ad e 1 CDHSW +

e CDHSW [Z. Phys C49 187, 1991]
e CCFR [PRL 86 2742, 2001, U.K Yang, Thesis

» Better control of largest systematic uncertainties:

Saas : : Bmar: E,, scale Eyaa E, range
NELaas B CDHSW 20 | 2.5% | 20-200 GeV
| %ﬁi\}\x:o% CCFR 1% | 1% | 30-400 GeV
- EM NuTeV 0.7% | 0.43% | 30-350 GeV

0 0.2 0.4 0.6 0.8 0] 0.2 0.4 0.6 0.8 1

Y (E=65 GeV) Y
v -pAl/;



L NuTeV Differential Cross Section

—Neutrino _

2F1 I :
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» Extracted v(v) — F'e Cross-Sections in = bins
E, =65 GeV & 150 GeV
NuTev e

CCFR 0

..-.I Lol |

"“' [ AL ]
ST R

1 X ]
i Il ]
ol
1 O.
4 l_\.
I..“.. ...|...|.9|1..-

CDHSW +

e CDHSW [Z. Phys C49 187, 1991]
e CCFR [PRL 86 2742, 2001, U.K Yang, Thesis

» Better control of largest systematic uncertainties:

UE doldxdy (x 10 % cm?/GeV)

S E,, scale Eyaa E, range
CDHSW 2% | 2.5% | 20-200 GeV

CCFR 1% | 1% | 30-400 GeV

Blgtess 5 \%ﬁ\gm B NuTeV 0.7% | 0.43% | 30-350 GeV

0.8 0] 0.2

(E=150 GeV)
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Low and moderatex (0.015 < x < 0.40)

» CCFR: Shape and level agree well.

» CDHSW: Level agrees, shape differs from both
CCFR&NuUTeV. (known problem with CDHSW).

High X (z > 0.45)

CCEFR consistently lower, discrepancy increases
with x: 4% (x=0.45) — 18% (x=0.65)

CDHSW level in agreement w/both CCFR&NuTeV.

>

>

NuTeV vs. CCFR

e Similar detectorsand techniques.

(1)
e NuTeV always focusing “right-sign” n (better acceptance)
e CCFR focusing 50% u™t /50% p™

(2)

e NuTeV mapped hadron and muon response,=- better
calibrated toroid and calorimeter.

NuTeV separate v and v/ CCFR simultaneous v and v.

NuTeV continuous calibration/ CCFR 2 calibration runs.

Neutrino Data Comparison

1.05 T
]
L] ',
R L -
0.95 | % % i
O o9t . i
k: ]
X os85}| .
CCFR E
08 - NuTeV l
0.75 | _
.Neutrino —=—
. Anti-neutrino —s— %

0.7

1
0.2 0.3 0.4 0.6

X

0 0.1 0.5 0.7

Investigating the source of discrepancy:

» Largest single contribution is due to the
difference in NuTeV/CCFR magnetic field maps.
Difference corresponds to a 0.8% shift in muon
energy scale: = effect ~6% for x=0.65

» Other effects (decrease NuTeV at high-x)

Different model fit parameters 3%
Different muon smearing model 2%
Hadron energy non-linearity 1-2%

Accounts for ~12% out of 18% difference at x=0.65.
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d2c? M:r:y_|_

[d2JV

T
dxdy d:r:dy:| 2MG2E,

» Model inputs

o Ry (x, Q)Q) [L.W.Whitlow et.al. Phys.Lett. B250(1990)]

[ ) A:EFg (:E, QQ) [R.Thorne and R.Roberts, Phys.Lett. B 421

(1998)]

» Fit determines Fy(x, Q?)
Fo(z,Q?) = § (FY (2, Q%) + FY (z,Q%))

» Cross-Sections corrected to :
e [soscalar target
(5.67% excess of n over p in Fe target)

» QED radiative corrections applied

[D.Y.Bardin and Douchaeva,JINR-E2-86-260(1986)]

( 2Mx ) 2 2
Q) vy Y
1+RL 5 F2—|—y(1—§)A$F3
oo X=0015(X3)
I .
2T o s ... x=0.045(X1.8)
LY e
i PBY _
e e e X=0.080(X13)
LS e &5 x=0.125
1 LRI e g X=0.175
oI ey TE e D x=0.225 ]
2 7 % E X=0.275
o T .
LLN v v & Vg@X—O45 .
T 8 b S, 1
T i
0.1 @‘7& v. -1
. @@v@v@ % x=0.65
NuTeV - -e-- . t
FR —&— —
CDHSW :---w--- X—O75
NuTev fit -, T o
1 100 1000

10
Q? (GeV/c)?

Extraction of Structure Function Fy(z, Q?)
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d26? d257 - M:L'y (—2]‘6/2["3)23/2 Y2 2
[d:cdy - d:r:dy] snvazE,  — Al|l-y- TR, 2 +(y 7) vl r (y N _) ol
V v %‘% 7 x=0.015 (x40)
10 v 1 -
% I - x=0.045 (x12)
&8s .
: : o S e s x=0.08 (x6)
» Fit determines :BFg(ZU Q) Py @%_v_,_%..v.f N AR
52T TR . =0.125
vF3(2,Q%) = 3 (xFV(iU Q) + xFy (x, Qz)) S v g REB R SRR
AFy ~0=n0 mputs required. s ladims Wi x=0.175(x2)
4
S Sl ey v &5 —
e i Wv“?@% #x=0,275 |
- - % - S (x1.2)
= R %3 Y ]
: NG ¥ $5 8 T %=0.35 |
» Cross-Sections corrected to : < SRR g o _
e Isoscalar target T
) S Ol
(5.67% excess of n over p in Fe target) g Fog- %2055
. . . 0.1 : V. N . =
» QED radiative corrections applied - %T L
L vl e x=0.65
[D.Y.Bardin and Dokuchaeva,JINR-E2-86-260(1986)] W
NuTeV e % ‘, B
CCFR 97 +—&5— X=0.75
CDHSW ‘-9 % %
Nu?I'eV.flt e . - L :

Q2 (GeV/c)2

Extraction of Structure Function zF5(x, Q?)
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A F,/F,(TRVFS)
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Comparison to NLO Theory Models

NuTeV —e—

CCFR +—e—i
CTEQ5HQ1

MRST2001E+/-Gg ---------
I X:O.I015 ___ % __ }EI T» X=0.I045 ]
l ' l A : | _
' %=0.080 ! x=0125 ]
-0.05 pee T L » ® §§§§§§ E
| ! } | ' | ]

' x=0.175 '

Q? (GeVic)?

Q? (GeVic)?

E _
Eiaag SN
| ’:’:|::§:f&ﬁ:é:5f|ﬁ —= e
10 100 10 100

DATA
F2 -

FTheory

FTheory

» Theory models:

e ACOT(CTEQ5HQ1)
e TRVFS(MRST2001E)

» Theory curves are corrected for
e Target-mass effects [H. eorgi and H. Politzer,

Phys. Rev. D14, 1829].

e Nuclear effects: using a fit to
charged-lepton measurements.

» Good agreement at moderate .
» (2 dependent disagreement at low-z.

» NuTeV is above theory at high-z.

e CCFR agrees better (slightly below) but

was used in global fits.
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NLO QCD Fits (NEW)

» Agcp determined from NLO QCD fits
e Non-singlet xF3(z, @?) only * evolution independent of gluon distribution.
e Combined Fy(x, Q%) and zF3(z, Q%) « greater statistical precision.

» NLO model with improved treatment of heavy quark production

» Previous experiments used a LO model to correct data

» Aivazis-Collins-Olness-Tung (ACOT) scheme:
accounts for quark masses [F. Olness, S. Kretzer]

e belongs to VFN factorization schemes

me = 1.4 GeV ~ Q

» Evolution starts at Q2 = 5 GeV?, [Data Q2 > 5GeV?, W2 > 10GeV?]
e Agcp enters as a free parameter via DGLAP evolution equations
e Using code from F. Olness (heavy quark prod.) and J. Owens (QCD fit)
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NuTeV «, Result

@s(M,)=0.1185+0.002 PDG' 05 (excluding L attice QCD)

ep ev. shapes (ZEUS)

y prod.(PETRA,TRISTAN,LEP)
fragmentation (PDG average)
fragmentation (global fit)

Non-singlet Fit Result:
as(Mgz) = 0.1260 £ 0.0028(exp) TO 0020 (th)

F> + x F3 Fit Result: fragment. (DELPHI+ALEPH)
as(Mz) = 0.1247 + 0.0020(exp) 7o 0oan (th) ¢"¢” > hadr. (LEP)
ete” - hadr. (CLEO

NuTeV result: ” ( 3 l;
e Above world average, within 1o agreement. hadronic jets (CDF)
WEIGHTED WORLD AVERAGE: 7 decay
as(Myz) = 0.1185 4 0.0020 [PDG 2005] DIS (ep ev. shapes-HERA)

0 £ th ¢ _ ¢ CCFR xF3+F, NLO

e One of the most precise measurements. NUTEV XFo+F, NLO
Largest uncertainties : NuTeV xF3 NLO
e Expt: E, and Eyap energy scales. DIS (Bj-SpSR)
: _ DIS (pol SF)

° Tgeor.. Sca2le dependence: ur and ug DIS(GLS-CCFR)
pgp =CiQ% C; =1/2,1,2 DIS(MRST-NNLO) GLOBAL

DIS(MRST-NLO) GLOBAL

0.09 011 0.13 0.15
Ref: V. Radescu, PhD Thesis, University of Pittsburgh, 2006. —p.A7/"



NuTeV Summary

» NuTeV has extracted the precise v — F'e differential cross sections in the energy
range F, > 30 GeV:

e [Phys. Rev. D 74, 012008 (2006)]
e Improved understanding of the systematic uncertainties:

* 55” = 0.7%
v

x 2Lhad — ().43%
had

» Structure Functions Fy(z, Q%) and zF3(x, Q%) have been presented.
e Used to make a precise measurement of o, at low Q2.

Neutrino Comparison Summary

» Good agreement with previous vN for moderate x (z < 0.4).

» Systematically above previous precise result (CCFR) at
high-z: 4% (x=0.45) — 18% (x=0.65)
e Large fraction of this difference understood — due to
muon momentum calibration improvements in NuTeV.
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Chorus Experiment

Active target Air-core magnet
-nuclear emulsion target (770kg) Ap/p = 0.035 p (6eV/c) @ 0.22

-scintillating fiber tracker
Nuclear targets \
Pb, Fe, Ca, C
'i_.

replaced emulsion
& alr—core Iin 1998

v
10<g <200 GeV /7

~ 27 GeV

muon spec*mma'l‘ar
Ap/p = 10 -15%
(p<« 70 GeV/c)

Calorimeter

SF analysis: Pb/Scint active target

AE/E = 32 %/V E (hadrons)
EM 5.6 X, HAD1 11.5 )E) HAD214.0 )E)

= 14 %/V E (electrons)

» Results on v-Pb and v-Pb differential cross section and structure functions: Phys.
Lett B 632 (2006) 65.

» http://choruswww.cern.ch/Publications/papers.html for other cross section results. ~ 197



Chorus v-Pb Structure Functions

$ = this analysis & =CCFR X = CDHSW
» DIS events samples: 201008 o s ] e ; %
Bu>5GeV,4 < Fyap <100GeV  *s mmig | s et
¢ 870K v L e X %
e 146K v (Dedicated 7 running with g+ 20 R o.035,0.050) ;1 $ T R Q;Li
focusing). al ; zz&ﬁi [ Z%%%%
o 27 | 0.5 v
. . . 1.0¢
» Systematic uncertainties: 42"
1.8} x=0.080 | x=0.450
P E Scale 2.5% 16! (CCFR x=0.070,0.090) | 0.5 ZF
H 1.4¢ # gﬁz@%ﬁ $ ] 0.4 ﬁ&é #
e Enap scale 5.0% (test beam exposure) 2 he R Sag
_ _ x012 L X=0.550
First measurement of Pb structure functions 1.4] (COFRX 0110014%’)# i % gi $ R 4
. . , A% | 5
» Comparison with v-Fe: v #;ﬁ 0.2 M, b
1.0t i 3
CCFR97: Seligman et. al. , PRL 79 1213, 1997 x=0.175 0.5 X=0-650
(CCFR x=0.180) .
CDHSW: Berge et al. Z. Phys C49 187, 1991 12| .y : 2
) 7 %%#%égﬁéﬁ ‘%T 0.1 %ﬁz}%*
e Caveat: Nuclear effects could differ o “4hs
127)(:0_225 7 0.10.2 05 1 52 (<35 \/12(; 20 50100200
» Ih(x, Q?): favors CCFR97 over CDHSW. . bhy Lok
Or =
CDHSW Q? shape differs 0.08 < = < 0.35. ZHE# %#
0.10.2 05 1 22 5 120 20 50100200
e Nuclear effect differences Pb vs. Fe are small. Q" (GeV)

v —p.20/



Chorus v-Pb Structure Functions

» DIS events samples:
E, >5GeV, 4 < Egap < 100 GeV

e 870K v

e 146K v (Dedicated 7 running with g+
focusing).

» Systematic uncertainties:
o [, scale 2.5%
e FEpap scale 5.0% (test beam exposure)

First measurement of Pb structure functions

» Comparison with v-Fe:

CCFR97: Seligman et. al. , PRL 79 1213, 1997
CDHSW: Berge et al. Z. Phys C49 187, 1991

e Caveat: Nuclear effects could differ

» xF3(x, Q?): agrees with both experiments.

e Nuclear effect differences Pb vs. Fe are small.

0.81

0.6

0.8

0.61

0.8

0.6

0.10.2 05 1 2 5 10 20 50100200

$ = this analysis

| x=0.020
(CCFR x=0.018,0.025)
| (CDHSW x=0.015)

;ﬁéf %&%

X= 0045

!

| x=0.080 D}) %
Y éﬁf

X= 0080

¢

x=0.125

i

o.no,ogg@g%% -

x=0.175 $

(CCFR x=0.180) %%ﬁ % % %ﬁ % %

x=0.225

%g%%

Q% (GeV?)

? =CCFR 4 =CDHSW
09 x=0.275 § ;
N g h %éﬂ ¢
0.6 %%%ﬁﬁ%%%
o 'y
0:3 %&%ﬁ%
03l %%
0.2 %%%%é
— %j
2 é
¥
0.1 % %%ﬁ#ﬁ%%%

0.10.2 05 1 2 5 10 20 50100200

Q% (GeVv?)
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Fo(x,Q7)

0.1

o
o
o e e

Chorus (Pb) ——=—
NuTeV (Fe) e
NuTeV model -

’ B :." (

~x=0.015 (x3)
x=0.02 (x3)

s .. -x=0.045(x1.8)

1

Comparison with NuTeV

» Good agreement with NuTeV over all x.

e Hint of shape difference at low x and
low Q2 (x < 0.175)

e more High-r ——p

—p.21/,



Fo(x,Q7)

0.1

High-x Comparison

% x=0.45
e
: % “s. x=055
D el
- Chorus (Pb) ~—e—
NuTeV (Fe) e
- CCFR (Fe) :--+-
NuTeV model
10 100

Q? (GeV/c)?

» (Blue points) Comparison with CCFROL1:
[PRL 86 2742, 2001, U.K Yang, Thesis]
(Chorus plot shows CCFR97)

» In good agreement with both NuTeV and
CCFR. (better agreement with NuTeV for
x=0.45, 0.55 bins)

e CHORUS not as precise.

—p.22/"



DIS Cross Sectionsat NOMAD

Muon

Front Dipole Magnet  TRD
Calorimeter Modnles Preshower

Chambers

Yeto Planes Trigger Plancs =l
L metre Elect il Hadroni
_ ectromagnetic a c
— Drift Chambers Calorimeter Calorimeter

The NOMAD detector

» Fine-grained spectrometer: matching
bubble chamber reconstruction quality.

» 10<FE, <200 GeV, (Q2) ~ 13 GeV?2

» Carbon (1.3M), Fe (12M), and Al (1.5M)

» Dimuon sample near charm threshold.

1/E * d%oldxdy (x 10 cm?/GeV)

F ?——’gfgﬁ—Q\‘Q—ﬁ——g
x =0.015 | X = 0.045
X =0.080 | x =0.125
9—_’3‘?—_‘2’“@——&‘5——2 F ﬁ\‘v—g\‘g—é\‘g_gf_g
x =0.175 | x =0.225
X = 0.350
e S P S Y L
r B e e e = =]
X =0275 |
T s o S RPN N x.=.0.550
r X = 0.450 M T A I,
0.8 F H‘ ‘ ‘ ‘0.2‘ ‘ ‘0.4‘ ‘ ‘0.6‘ ‘ ‘0.8‘ -
e X-=-0.650 y
¢ \G\FH_Q

0.2 f
0.1 f

0.5 |

Neutrino,E =60GeV

e NOMAD 04 (Preliminary)

0O MODEL

» Preliminary differential cross
section results (R. Petti)

e First high-statistics data on

Carbon target.

- p.23/°
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DISat NuMl

10°

< 0.14 w ‘ ‘
= | Beam MC —LE
O o0.12} f
[a i —ME
(=]
) B =
S o010} HE
>< |
w. -
e 0.08 | 8
%) i
(H 0.06 .
~ B
Q |
c 0.04 [ 8
= i
> i
LW g oo .
O [
(&) | i

0-00 o T

0O 2 4 6 8 10 12 14 16 18 20

Energy (GeV)

* New kinematic regime for v N SFs

x High-x low Q? : Good coverage in
charged-lepton scattering, but little
neutrino data.

» Movable target, allows three beam

configurations, LE, ME, and HE.

* Energy range covers interesting region:

QE, Resonance and DIS all contribute.

Q* (GeV?)

- 1 ZEUS

- == JLAB
- =3 MINOS/Minerva

10 -

H1

“~ Fixed Target
(CCFR,NuTeV,BCDMS,NMC,E665,SLAC)
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® MINOSNear Detector Data

» MINOS Near detector — largest data Near CC events (May 2007).
sample for neutrino interactions in this | Beam | Target z (cm) CC Sample

100

» Flux, cross section, and SF
analyses underway.

50

energy range to date. LE-10 10 3.7 x 10° (v)
» Majority of data (~ 95%) taken in low | LE-10 -10 3.0 x10° (D)
energy configuration (LE-10). ME 2100 1.9 %104
e LE-10 Event Composition: HE 250 3.7 10
92.9%v,, 5.8% v, 1.3% (Ve + V¢)  Exposreoraoezopot
- interaction type, NEAR
» DIS is the largest contribution: 200;_
DIS 62%, RES 21%, QE 17% 1501 oo
— dominates for £, > 5 GeV. s B oEL

CC Events/GeV/1X10%° PoT

% 5 10 15 20 25 30
Neutrino Energy(GeV) P




CC Event Selection

» Good track with £, > 2GeV.
e Stopping, momentum from range
e EXxiting, momentum from fit

» Contained vertex in upstream
'target’ region (Fid. mass ~4ton.)

» Separate v, and v, using p sign.

Data
“ Flux |Cross ~Sectr

sample sample I

L0

i CC Flux and Cross Sectlon Analyss

0.0251 ]
B LEO1 0/ 85KkA Near ]
= S ] v MO xsec sample i
"',_-—E ]
53 i —s— wWrong sign O F
= ——— ]
S 1\
L'_:\'.‘i 0.01 i (St|atistical Error aorly] __
= g 5l
=2 " % —=
5= i 2 +++—+— ]
0.005 g ol
I :‘.'. - §
ol i (L (N C I B T R ) IR i
8 10 =20 30 240 S0

Neutrino Energy

» Flux, and Cross Section extracted using an
iterative technique.
Monte Carlo Ingredients

e Input beam flux (GEANT3 based beamline
simulation, production model FLUKAQS).

e Cross section model (NEUGEN3): uses
Bodek-Yang duality model,(BY-GRV98LO),
tuned to data in DIS/res. overlap region.

e Detector simulation (tuned GEANT3). = P27/



‘@ Flux and Cross Section Extraction

» Use inclusive low v(= Exap) cross section to get flux shape. — ®(E) x N(E,v < vo).
e Same method used at higher energy (CCFR/NuTeV)— adapted to lower energies.

115
Flux o Neutrino
= 1.1 |
1. v <, =1GeV for 5< E, <10GeV, éﬂ o5
v < v, =2GeV for E, > 10GeV g
2. Use cross section model to correct for energy de- %,
pendence in low-v sample, c¢(E) = “E;(fé’f)”o) 095 : .
0.99 "6 20 30 40 50
3. ®(E) o c(B)N(E, v < vo) Neutrino Energy(GeV)
Cross Section
1. CC event sample corrected for acceptance Neor(B) = Nraw (g) (N MCegen ()
) ) _ xXsecC - “'xsec NMCreco (E)
and smearing using MC.: xsec
ArcorT NMCeen (g) — events generated in the fi ducial volume.
2. oroT (E) — @}ESEe)C N}lzggcreco(E) = events in the MC reconstructed sample.

3. Correct to Isoscalar target, (Iron &2 = 0.0567).

e Normalize in region 10-50 GeV using world average v-1so Fe

value:% — 0.676 + 0.01 x10—38 %r?\i

—p.28/"



1.1

| —— extracted
- — predicted

[y

o
©

X 10'38cm2/GeV(isoscaIar iron)
o o
~ 00

g
QE
o)

- normalization error .
:.; LEO10/185kA Near ]
v MC 7]
LSRR N :
JITT""-l-][-i -------- T ------- *

MOCK DATA
A P T R

0.5

O 10 20 30 40 50

» Mock-data study, comparison to NEUGEN
model prediction. (5.1x10'° PoT sample).

® Band shows size of error on the weighted average for data

Neutrino Energy(GeV)

points with E>10GeV (used for normalization).

w Total Cross Section Energy Dependence

0.45r

(isosc%Iar iron)
W ©
) N

|

o
W

x 10 ¥cmGeV
(@)
N
(6]

g
E

O
N

L

E010/185kA Near
v MC

MOCK DATA

0.15——+

0)

Neutrino Energy(GeV)

10 20 30 40

Full sample (7.4x102° PoT): ~15x larger
= statistical precision ~4x better.
= Systematics will dominate.

~ .29/



@ Flux and Cross Section Errors

» Low-v Flux method valid for £, > 5GeV

e At lower energies systematics from
model and acceptance corrections
become large.

» Expected main systematics:
e [, scale £2% (Largest for Flux)

o Fyap scale £5%

o
(affects measured Egap)
—Largest for cross section,estimate is
crude, will be reduced).

e Low v sample model correction.

» Prognosis: Expect flux and cross section
uncertainties in range 2-5% for £, > 5GeV.

Systematic Error (%)

Systematic Error (%)

10

Flux

B/A Model
Emu +2%
Ehad +5%
Intranuke
Total Sys

Stat 7.4E20 PoT
(yellow band)

10 15 20

30 35 40

45

Cross Section

B/A Model
Emu +2%
Ehad +5%
Intranuke
Total Sys

Stat 7.4E20 PoT
(yellow band)

10 15 20

30 35 40

45

— .30/



Above 5 GeV ~ 15% of events are from .

Total expected 7-CC sample= 7 x 10°
events for 7.4E20 PoT.

Also studying 7 flux and cross section
extraction.

e Larger model corrections to flux.

CC Events/GeV/3.8x10°°POT/kt

e Acceptance corrections (u's
defocused).

Contamination from mis-IDed v,,CC events
is large (5-20%).

Improvement needed to charge-sign ID to
obtain high-purity sample of 7 (WIP).

Fractional Contamination

1.2e+07

1e+07

8e+06

6e+06 |

4e+06 |

2e+06

0

w Antineutrino Samplein MINOS

T T T — T
5e+07
4e+07 |
3e+07 |

2e+07

V 1e+07

/ O
0 5
L

5 10 15 20 25 30
Ey

10 20

.25

O

!

) e e e L AL L R B
LEO1T1 O/ 85KA Mear

v MO xsec sample

—=— vwwrong sign COC

—=— MO

i

[(Statistical Ermror armly)

+
——

-
T

T

|

10 20 30 <0
Neutrino Energy




» Measure Fr(x, Q?) and 2 F3(x, Q?) from v
and v differential cross sections.

» Ih(x, Q?) sensitivity - statistical errors only
for 3.7x 1020 PoT.
e DIS Samples: 1.3M v, 0.2M 7.

e Measurement uncertainty will be
dominated by systematic precision.

—NEUGEN

i E, +- 2% o ' =% CDHSW
I — +corm
. : “*NUTEV

LI | LI | LIRE3

[

Fo(x,Q%)

10 L | T T L T N L T T T
- 2 i .
MINOS F,(x,Q%) Sensitivity
. x=0.015 (X3)
P % }
- T +  x=0.045 (x1.8)
'. I T !
”S;,,;gg' * '
e e « s % s x=0.080(x1.3)
R
1L g $ERSVININ L N 2o x=0175
AUl LT e 2 x20225
. -.“..:‘;.”.'f . ¥ x " E‘ N i
. . :' R * x=0.275
"“’J‘r'-,‘j - L - X:035_
. - 3 ‘?‘ L b4
’)_In i ? g .w T 1
T C ¥, x=045
. LTS R
) LS : g *lea ]
T s *o %3 . x=0.55
% % Ty
hN § he
01 L 37E20POT 5 et L i
" [ SENSITIVITY s * T = x=0.651
[ (W>1.4GeV) . R '
NuTeV —e— °§ o '
CCFR :---e--- L
CDHSW - e
MINOS MC :---®--:
GRVO8lo+HT - 6§ : x=0.75
1 '2'10 " 2 100
Q” (GeV/c)

@ Structure Function M easurements

~ .32/



DISwith Minerra

‘ “ ’ » Fine granularity
H HH i

il ||lIIII LIIEHT 'J?u”lll IIJIIII \ |

Iul

e Fully active target (8.3t)

» Shower containment:

e Outer layers provide
Hadronic and EM
calorimetry.

Downstream
HCéL

E,_m:r.

[u

SRS 4 » MINOS ND catches muons.
qutargEt HEC L !!!i'-' : nmm IO d1E

e Acceptance for DIS muons
>90% Active TGT,
>80% Nucl TGT

Muon Reconstructibility, Inner Detector

(it \I“II\HHH“ ll

: : 1.0 g T——
» Same kinematic range as 09 | = i.
: 08 1 | il
MINOS but with Nuclear targets! | _ o7 | I..
Nuclear targets: Pb, Fe, C, & He =hol Soatising
w Deep
Fid. masses; 0.85t Pb, 0.7t Fe, 0.2t He, 0.15t C 0.3 - B Unreconstructable Inelastic

[0 Ranges Out
H Analyzed In MINOS

Scattering

» Latest news: He cryotarget 0.0

1 3 5 7 9 11 13 15 1 3 5 7 9 11 13 15
Neutrino Energy (GeV) —p.33/"



Minerva Summary

Schedule

» Late 2007-2008 Construction of “Tracking Prototype”

e ~20% of full detector (20/108 Modules)

» Late 2008 - Minerva Test beam detector run at FNAL M-TEST

» 2008-2009 Construction of full detector.
» Online — 20009.

Minerva adds to DIS arena:
» High Statistical Precision with a fine-grained
detector at low energy.
e 4 year run, 1.6x102! PoT (4E20 LE/12E20 ME)

» First precise light-target (He) measurements +
Heavy nuclear targets.

e Perhaps shed light on 'EMC’-like nuclear effects in v
scattering.

DIS sample

(W>2 GeV, Q>1 GeV)
Target Events
CH (3t) 4.3M
Pb 1.2M
Fe 1M
C 290K
He 300K

—p.34/



Conclusions

» Recent Results in v-N DIS (at High Energy)
e NuTeV x Precise measurement of v-Fe differential cross sections and SF

e Chorus x First measurement of v-Pb cross sections and SFs.

e Nomad x Preliminary cross section measurements on C, Fe & Al.

» Future (at Low Energy)
e Minos x Analysis underway to extract v-Fe cross sections and SF’s in low
energy range (5-50GeV).
e Minerva x Will add precise measurements on light target (He) and nuclear
targets ( C, Fe, Pb).

— .35/
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Comparison with Charged Lepton Data

0.2

apply corrections to charged lepton data: 015 BCDMSand NUTe‘_Z i 4 |
3 o _ x=0.45 __ x=0.55 __ x=0.65 _ x=0.75
e ob o i :
» F!/FY correction (CTEQ4D pdf): o oos
§ O01f E:
W ooas b 3 E: ke
e; = 1, weak 02 | bedms nutevFe L~ & v
F2 — e? q;; 5 { 025 1 10 100 1 1 10 100
i ei =35 (—3),em 02 p— e .
015 b SLAC and NuTeV i E:
% 01 g_ ¥ _g x=0.75
F, _ 5 (1 _ §M) oot
FY 18 5 q+q E. oosf '
g o1f
» nuclear correction Lo01s |
-0.2 - slac D2 *emc ‘-8 -+ __ _
.0.25 . ....r.}Ute.v.F.e..:Tv.—‘. I ST BT B ST ST B Ll
1 10 100 1 10 100 1 10 100 1 10 100
FdCLtCL F
» plots show —2 FgBZMOdeZ data: NuTeV(Fe), BCDMS(D2), SLAC(D2)
» NuTeV above BCDMS(Ds) by ~ 7% at x = 0.55; ~ 12% at x = 0.65; ~ 15% at

x = 0.75;

» NuTeV above SLAC(D2) by ~ 4% at x = 0.55; ~ 10% at x = 0.65; ~ 17% at
x = 0.75;

v-scattering favors perhaps smaller nuclear effects at high «

—p.37/"



0.8

0.6

AXF4

0.4

0.2

0.8

0.6

AV

0.4

0.2

Az F; and R(z, Q) Models

Models for AxF; and R,qg

TR-VFS (MRST99) ——

X =0.015

Models for AxF; and R,qg

TR-VFS (MRST99) ——

X =0.080

Models for AxFz and Ry, g

0.8

0.6 FQ\Q(STjji\\

TR-VFS (MRST99) ——

X =0.045

10 100

» Rr(x, QQ) [L.\W.Whitlow et.al. Phys.Lett. B250(1990)]

> Ang (x, Q2) [R.Thorne and R.Roberts, Phys.Lett. B 421

(1998)]

~ .38/



Nuclear Correction

correction measured in charged-lepton

Parametrization as function of =

o NMC CaD
[ ]

"""" m SLACEL39 Fe/D
A E665 CaD

—— Parameterization

Error in parameterization

SLAC E87 Fe/D i

. 0.001
experiments from nuclear targets L1
standard way: apply the same correct. 10_
to neutrino scattering & r

—09F
we used a parametrization fit to data, os ______
independent of Q? 072;

SLAC) 0.001

1 1
67 2 3 4567
0.1

11

1.0

0.9

0.8

0.7

~ .39/



Radiative corrections

1.2 ¢

1.15

1.05

0.95

Hoop QED Radiafive corrections

0.9

0.85

Bardin, D. Y.

E=95 GeV

*‘«. % f-"’-f -
i QOIS e
x=008

MEsat= ™ T e

e X=0.35..-.-—========—=_______| p emission of real or virtual v by a fermion:
m‘ﬁ ﬁ_ﬂ_,;—-“’z_- T ( d? o >
- X088 oot 2o _ | 2V stoon | (425 )
" / __‘_:_l_:___r___:.___—_-f-'“‘ __._;_-:_'-_—'-J':'."_'_-L 1 dxdy (ddeo. ) dedy ) g
Y _—_ x=0.85_ __ =" *2Y Jo—1oopd Bardin
s e T
E' '_:P,’ = i
F
_:" ./_,_,A i
Y
.‘;. .-i'-:
.
{
_JI —

Meutrino

Anti-Neutrino --------
1 1 1 ] 1 | 1 :

o 0.1 0.2 0.3 0.4 0.5 06 0.7 0.8 092 1
¥

and Dokuchaeva, JINR-E2-86-260 (1986)
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NuTeV Cross-Section Model

» Buras-Gaemers parametrization of the valence:
xuy (x, Q%) = ub°t[xP1 (1 — x)F2 4 AVLx®3 (1 — x)®4]
xdy (x, Q%) = dP* xuy (x,Q%) - (1 — x)

_ R 1 mQ2/A7
E;i = Ejo + Elllnm

» Buras-Gaemers parametrization of the sea:
xii(x, Q?) = xd(x, Q?) = ﬁ(AS(l —x)B5 4+ AS2(1 — x)P5?)

xs(x, Q2) = x8(x, Qz) = 2(;:_2) ES—|—1 (ES+a+1)(1 X)ES+O‘

B SQo—ASs /(ESo+1)
AS = (BES + 1) (gqz—As; /(B8 1) (BS2 72 ) ~

AS = (ES + 1)(3%%—+1S2)

AS; = AS30 + AS21In(Q?)
ESs; = ESg + ES21In(Q?)

» Exponents (E; and ES;) and normalization terms (AV; and AS;) are fitted to NuTeV differential
cross-section data every loop of iteration.

» forlow Q2 < 1.35GeV? assume GRV evolution
» assume m. = 1.4GeV , R, = RwoRrLD
» Higher-Twist parametrization:

Q%+B
Q2 +Ax

/
¢ X — X

—p.A1/,



F2proton

F2proton

F2proton

0.16

" Higher Twist Effects

» Fitto ep, ed data (SLAC,BCDMS) to parameterize Target Mass and Higher Twist effects in parton-level cross

section model important at high = and low Q?.
[hep-ex/0203009 May 2002 A.Bodek and U.K.Yang]

e At high x and low Q2 have to take into account the nucleon mass — redefine x including these corrections which come as 1/Q2

e Atlow Q2 the lepton-nucleon scattering involves a double parton scattering. The contributions from HT diagrams are supressed

term (Target Mass effect)

by powers of 1/Q2 as compared to the leading twist diagrams.
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A 0.57

B 0.22

C 0.06
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p x F3 Comparison with Theory M odels

x=0.045
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E Magnetic Field NuTeV vs. CCFR

NuTeV

. : : B,(CCFR)
» ANSYS simulation, detailed geometry By (NuTeV)

(incl. crack).

» Test beam 50 GeV muon map points

NuTeV Toroid Map points

= T T T T i
F n position  +
15 -
+
T + o+ o+ o+ ]
05 - + + 1 1

4

Yer (M)
o

0.88

0.98

-2

1 1 1 1 1 1 1 A
2 15 4 05 0 05 1 15 2 0.97
Xee (m)

CCFR 0.96
» POISSON simulation, idealized 0.95
geometry. o
—E0 —40 —20 8] 20 40 0
» Scale set by one high statistics calibra- Boni Ratie
tion point.
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B/A

01 .I | -15 ‘ T R e
" B/Afor Neutrions - NuTeV BG model —— " B/Afor Ant-Neutions - NuTeV BG model —
005 B/A for Neutrions - GRV9B+HT -~ | 165 BIA for Anti-Neutrions - GRVO8+HF———-"
) ‘ | {7 Pl
— A5+ /A g
0.05 SPTRE. : [ 7
., -~ fitregion alk Jf ——
L < T /e i
Q1F B . /1 fitregion
L D gl / | T
0.1 T | ; :

5 H“‘I : _1‘9 _/ i -
D2F \4 - 195 '/.": y
03 L | | [ f e i 205 Lt P | | | | | I

2 4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20
v (GeV) v (GeV)
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o/E Slope

0.8 ; ‘ ‘ : :
Neutrino slope=2.5+/-0.4%/100 GeV
%) 0'7 'Q”i'r.».J,,g_,,‘”__”” — F _ * B
06 f
e
o
g 05
o
— . .
< 04 ¢+ Antineutrino
LIJ L IR WPy rY T
~~ = = L] o bt * é I & +
b 03} vl :
0.2

50 100 150 200 250 300 350
E, (GeV)

Good agreement with CCFR

(—_( 2.24:0.8)% /100 GeV.

M_( 0.241.3)% /100 GeV.
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Extraction of Structure Functions: 2p fit

+4M2 2
Q7

4Ry

_2MG2?E,

Ma:y
dxzdy - T +

1—y—

L AM2 42
QQ

4Ry

_ 2MG2E,
dxzdy - T

Ma:y_|_

1—y—

rFgY9(x, Q%) = % (zF3 (
a’ug(

z, Q%) + zF3 (z,Q%))
Q%) = 5 (F3 (2, Q%) + Fi (2, Q%))

» Cross-Sections corrected to :

e isoscalar target

(5.67% excess of n over p in Fe target)
e QED radiative effects

[D.Y.Bardin and Dokuchaeva,JINR-E2-86-260(1986)]

» Simultaneous extraction of F> and = F'5 w/ input
model for

o Ry (x,Q?) [LWWhitlow et.al. Phys.Lett. B250(1990)]

e AxF3(x, Q2) [R.Thorne and R.Roberts, Phys.Lett. B 421
(1998)]

p» Use cross section error matrix

2
2

F(xQ9)

2) (50 4

AF av AxF
272) by (- §) (ary? + 25

x=0.015 (x3)
e/s/m/i x=0.045 (x1.8)
- o o == x=0.080 (x1.3)

- x=0.125

g2 = . ¢ x=0.175
W x=0.225
N\G\N\H x=0.275
x=0.35
G\D\Q\!\w\m\& oas

m\b\a\i
& x=0.55
Q\G\Q\Ki «=0.65
2 3

NuTeV —e— \§ x=0.75

ACOT model
MSbar model

il A s
10 100

1000

v —p.ATl



Extraction of Structure Functions: 2p fit

A2 02
_|_
dQO'V _2MG2EV 1 M:cy Q2 Favg
dxdy = - Y- + TR 7 5 T
a2 g2
d257 _ 2MG2E, 1 M:cy Q? y2 avyg
dxdy = = Y- + TR 5 2

ey (2, Q%) = 5 (aF3 (2, Q%) + o F5 (z,Q%))
Fgt9(z, Q%) = 3 (F¥ (=, Q%) + F¥(z, Q%))

» Cross-Sections corrected to :
e isoscalar target
(5.67% excess of n over p in Fe target)

e QED radiative effects
[D.Y.Bardin and Dokuchaeva,JINR-E2-86-260(1986)]

XF4(xQ?)

» Simultaneous extraction of F> and = F'5 w/ input
model for

e Ry(x, Q2) [L.W.Whitlow et.al. Phys.Lett. B250(1990)] 0.1 |

e AxF3(x, Q2) [R.Thorne and R.Roberts, Phys.Lett. B 421
(1998)]

p» Use cross section error matrix

S52) +y (- 4) (eF + 257

10 |

i—/i———E’_H

pessae
m
}\%*H

NuTeV +—e—
ACOT model
MSbar model

x=0.015 (x40)

x=0.045 (x12)

x=0.080 (x6)

x=0.125 (x3.5)

x=0.175 (x2)

X=0.225 (x1.5) |
x=0.275 (x1.2) |

x=0.35

x=0.45

x=0.55

x=0.65

x=0.75

100

1000
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QCD Fit results

Parametrization of the PDFs at a reference scale Q2 = 5

gV = > (¢ — @) = 2uy + 2dy = (Aly,, + AOg, )z e (1 — o) ?2ue
2q5 = S (@i +T) = wu, + vd, +240,4(1 — x)*?ud
i "
2qN S

tG = A0,(1 — z)*%9

» Experimental uncertainties

o E,, Enaq energy scales Param x F3 only Fy + xF3
e energy smearing models A =D (Mev) 488 + 59 458 + 41
e flux uncertainties: £, m. Aly,, 0.73 4+ 0.01 0.724 0.02
e many are at the level of statistical A24, 3.47 £ 0.06 3.494 0.05
fluctuations A0, + A0qg, 4.73+2.36 4.50+2.25
» full covariance error matrix is constructed, Aq,, , 0.67+ 0.03
» Theoretical Uncertainties: A2.,4 6.834+ 0.21
e mass quarks: negligible A0, 2.21
e input models: AxF3, Rr, A2, 4.30 + 0.41
. i%a'i dépggdigce: /il/%;‘qd gF x2/dof 77/59 76/125
(AA ~ 100MeV) as(M,o) 0.1260 + 0.0028 0.1247 + 0.0020

— p.48/-
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‘@ CC Sdection Effi ciency

Effi ciency of F, > 2 GeV cut.

LT ey ;
. i JR—
o 08 o ]
< -7 ]
o 06 -
W 0.4F -

O
N

OOI N |1|0| N |2|0| N |3|OI N |4|OI ~ 50
NEUTRINO ENERGY/(GeV)

— .50/



‘@ Model Correctionsto Flux Extraction

Cross section model NEUGENS uses:
» Bodek-Yang duality model (GRV98LO pdfs tuned to data in DIS/res. overlap region.)
» QE cross section with (M 4 = 1.03)
» No explicit contribution from resonances.

» Have also studied a NEUGENS version which explicitly includes resonances for
W < 1.7) (tuned on data) and reduces the DIS contribution in the resonance region.

14— 1.2

_ 13 Neutrino (total) _ 1

v - v i

2 1.2 ] 2 0.8

o 1.1L 1 JF06

4 I ] Y 04

o] N ] o]
0.9¢ g 0.2r -
0% ™10 20 30 40 50 10 20 30 40 50

Neutrino Energy(GeV) Neutrino Energy(GeV)
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‘@ Flux Model Correction Uncertainty

Low-~ method: ; B / (Fa(z) F zF3(z)) dz
E=A(l+ %5 -52) - /Fg(x)dw

dv
P Smaller for v than for o

8Sev

» At low v and high E, — (%) and (%)?

terms are small = decreasing with en- : B
e - for neutrinos: —1 < % <0

ergy. : L B
e + for anti-neutrinos: —2 < & < —1
0~
. -0.25
» Theoretical value for % computed from o5 | Neutrino
model, (problem: large uncertainty at low v)
s 2
(£)nu(v = 20) ~ —0.25 (lower limit) —
-1.5 ¢ nti-neutrino
B yantinu imi L.
(%) (v = 20) = —1.7 (upper limit)
“ 0 5 10 15 20
70 N
e V(GeV)
60 i t;ino: B_/A = -1.7 -
o Range of DIS model uncertainty con-

40

tributed by the (bounded) % correction:
neutrino 0> (£)¥ > —0.25
antineutrino —1.7 > (£)7 > —2

30

20

% change in flux due to B/A correction

10

HIH‘HH‘HH‘HH‘HH HH‘U_\_\_\

[} e e e s s e e e e e e e e s s e e e s B o

—p.52/"
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@ Flux and Cross Section Corrections

Flux

Other physics corrections to flux and cross section
1-loop radiative corrections (Bardin), isoscalar target correction

W)

11F

neutrino

— isoscalar correction |
— radiative correction ]

2|5 30
NEUTRINO ENERGY(GeV)

Cross Section

T
e
LI _
1.0 _
T — ]
095 _
05 0 5 0 B %
NEUTRINO ENERGY/(GeV)
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e Track PMT gains.

» Cosmic ray muons

e Remove variations along and between strips.

e Stopping muons for detector-to-detector

relative energy calibration.

» Test beam with mini-MINOS detector (CALDET)
e Measure absolute energy scales. (e,u, m,p).

Single particle energy resolution

0.8
06

04

Resolution

0.2

&

ﬁ

'h 55%/\7

e 23%/f

=l

Available E (GeV)

Minos Calibration System

» LED based light injection system

2 =A® % quadratic
Z =A+ % linear
Fits to the energy resolution for 7= and p
A (%) B (%)
Tt 42+1.5 | 55.7+0.5 | quadratic
7t 0.7+0.4 |55.1+£09 | linear
T 0.0+3.3 | 56.240.3 | quadratic
T —0.14+04 | 56.3£0.9| linear
T+ 2.1+1.5 |56.1=%0.3 | quadratic
Tt 4+ 0.3+0.2 [55.84+0.4 | linear
P 43+1.4 |56.6+0.6 | quadratic
p 0.7+0.5 [55.9£1.0 linear

— p.54/"



Beam Flux Errors

x 104 30 T T
Beam component -
Lo Total
s f 20 1 Total after MIPP - -
“éeooo - |E|E g
>< |- -
5000 H o 10
M |-
} L
L4000 E| )
< T
gsooo - EI GEJ
s 1, f g
Z2000 |- [ n
2 .
2 O] . o)
(> 1000 o uguun
&) L (@
[ - I -30 ' . .
° 6] ..éuIAIr.HI6.Hé..‘1IO‘“1I2".1I4H.1l6.‘.1|8“.20 O 5 10 15 20
Energy (GeV) E
V
GNUMI Flux Uncertainties
» Beam component (matter most in the
focusing peak region)
1. Horn 1 offset (small) » Production : 8-15% (15% above the

baffle scraping (small) beam peak).

POT (2%) e Assume will be reduced after

MIPP to ~4%.
Horn current offset (1%)

a bk WD

Horn current distribution (0-8% effect) ~p.55/°



Relative Flux Extraction Method

» Use inclusive low v(= Exap) Cross section to get flux shape.
» Similar method was used at higher energy (CCFR/NuTeV)— adapted to lower energies.

» For MINOS require v < 1GeV and extract flux for £, > 5 GeVW.

d?cv?  G2M v  Mxv v? 14 2Mx/v v v
- {(1——— n )Fz(x):l:E (1—ﬁ) XFs(x)

dxdv 0 E 2E2  2E2 1+4+R
Integrate d?o /dxdv over x for fixed v:
A= GiM/F2(X)dX
do (1 N Bv C v? )
dv AE A2E? B=— G2M / (F2(x) T xF3(x)) dx

» At low y, (i.e. low v and high E,) c_p_ G2M /MX) ( ﬁ% _ Mx _1) »
= (%) and (%)? terms are small.

dv lim y—0 dv lim y—0

do ¥ — do” = A constant, independentof E,. — ®(E) o« N(E,v < 1,).

1.15——

 Neutrino

1. Countevents atlow v, N(E,v < 1GeV)

2. Use cross section model to correct for energy de- _
Tasym(v<1l)) I
o(r<l)

pendence in low-v sample, ¢(E) =

3. ®(E)  ¢(E)N(E, v < 1GeV)

0.9 10 20 30 40 50

Neutrino Energy(GeV) — P.56/7



®  MINOSNear Detector

Magnetized tracking calormeter

» 1cm thick planes of scintillator
(4.1cm wide strips). -

» Sampling every 2.54cm steel.

e Coarser — every 5 planes,  scintillator
In spectrometer. |

» Magnetized (B) =1.2T Strips
orthogona
E, = Egap + EM oriented

Shower energy:  55%/VE
Muon energy: 6% range,13% fit

4.8 m
[ 12m 2.4m 3.6m 7.2m
—) < > ¢
VETO | TARGET SHONER
3.8 m
PARTIALLY INSTRUMENTED REGION
I & « >
Coil Hole Steel Plate UPSTREAM DOWNSTREAM
(FINE SAMPLING) (COARSE SAMPLING)

Beam Fiducial Region
Instrumented Region
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